Reprogramming of gene expression in cultured cardiomyocytes and in explanted hearts by the myosin ATPase inhibitor butanedione monoxime.
Butanedione monoxime (BDM) is a reversible myosin ATPase inhibitor. Its use in transplantation medicine may be of benefit in the preservation of hearts. As little is known about its ability to prevent stress and metabolic deregulation, we wanted to investigate the genomic response in cultured cardiomyocytes and explanted, preserved hearts at the transcriptional level. We thus investigated the gene expression of the transcription factors GATA-4, Nkx2.5, MEF-2c, and Oct-1 and of the downstream target genes atrial and brain natriuretic peptide, alpha- and beta-myosin heavy chain, alpha-cardiac actin, and alpha-skeletal actin. Additionally, lactate dehydrogenase and creatine kinase enzyme activities were measured as markers for membrane integrity and metabolic deregulation of cardiomyocytes. In untreated cardiomyocyte cultures, expression of GATA-4 and Nkx2.5 was increased 7- and 4-fold, 72 hr after isolation, but the gene expression of MEF-2c and Oct-1 was reduced to 10% and 70%, at day 3 in culture. We show atrial natriuretic peptide and brain natriuretic peptide gene expression to be maximal 24 and 72 hr after isolation, the level being 3- and 2-fold, when compared with freshly isolated cells. The gene expression of alpha- and beta-myosin heavy chain was reduced to approximately 30% at day 3 in culture and similar observations were made for alpha-cardiac and alpha-skeletal actin, which declined to approximately 20% and 10% of control values, 72 hr after isolation. BDM prevented at the transcriptional level enhanced expression of markers for stress and metabolic deregulation, and the activities of lactate dehydrogenase and creatine kinase were highly significantly reduced. Similar results were obtained when explanted hearts were stored in BDM-containing organ preservation solution. Preservation of metabolic function in donor organs is of critical importance in transplantation medicine, and we show gene markers for stress and metabolic deregulation in cultures of cardiomyocytes and explanted hearts to be significantly reduced by BDM. Reprogramming of gene expression of nuclear transcription factors and downstream target genes may prolong the acceptable storage time between explantation and transplantation.